Introduction
In Iowa we have twenty one principal soil association areas ( Figure  1 ). Within each soil association areas generalizations can be made about soil-landscape-vegetation relationships. Figure 2 shows the relationships we expect to find in the Clarion-Nicollet-Webster Soi 1 Association Area which is in North-Central Iowa.
The information in Figure 3a ,shows a soil map of an area in Boone County made at a scale of 1:15840 (4 inches=l mile). Figures 3b and c give the soil legend and symbol legend used in Boone County. Two 80-acre tracts of land in Boone County, Iowa, were a part of a detailed research project. This information will be used to help understand the relationships between soil maps and soil properties. A paper entitled "An evaluation of soil survey crop yield interpretations for two central Iowa farms" by Steinwand et al. (J.Soil and Water Consv., 51 (1) [66] [67] [68] [69] [70] [71] 1996) contains information about the soils and yields from these two farms under two different management systems, conventional and alternative. It is attached as an appendix to this document.
Availability of Soil Information
Soil surveys are available for all Iowa counties in published reports and presently 95 of the 99 counties also have the same information available in digital format. Many of the digital soil maps are available on the internet @ http:jjwww.ia.nrcs.usda.govj To access the soil information select-Soils, Soils Information, and Digital Soil survey Data From Iowa Cooperative Soil survey on successive screens.
Data bases giving soil properties and interpretations are available at the same site. For those who do not have access to the internet, the digital soil information and associated data bases are available on CD-ROM or diskettes.
The digital soil information is available in several different formats and is suitable for use in most Geographic Information Systems (GIS) . For those users not interested in using a GIS the digital information may be used with the I SOIL program which is our software package for handling soil maps and data.
Some Questions Asked Related to Precision Soil and Crop Management Why is there yield variability within a field?
What is the contribution of soils to variability? What technology is available to provide useful information concerning variability? Some Answers Yield variability and Contributions of Soils to Variability There are many causes of yield variability but many of them are related to soil variability.
Soil scientists group soil variability into two broad categories, systematic and random. Systematic variability is scale dependent as is some of the random variability.
More closely spaced sampling points within areas thought to be randomly variable may indeed have a systematic pattern. Factors contributing to soil variability are discussed in the attached paper entitled "Soil Variability". The soil properties listed in this paper (Table 3 ) all contribute to soil productivity ( Figure 4) . Soil productivity is defined as "The capacity of a soil to produce a certain yield of crops or other plants with a specified system of management". Thus it follows that variations in soil properties are related to variations in productivity. Some of the important soil factors I would like to discuss are shown in Figures 5, 6, 7, 8, 9, and 10 and in Thompson-Baker study Area The soils for this study are in the Clarion-Nicollet-Webster soil. association area (Figure 1 ) which makes up about 20% of the state. Figure 2 shows the landscape relationship of the major soils in this area. The 4-inch per mile soil map sheet of the southeast one quarter of Section 16 (Figure 3a) shows the study area. The legend and symbols used for the soil maps of Boone County are shown in Figures 3b and 3c . Figure 4 shows some of the major factors that affect soil productivity, which is the ability of a soil to produce a crop under a specified management system. Table 1 gives the percentages of soil separates in each textural class. A brief discussion of soil variability is given together with the degree of variability of selected soil parent materials (Tables 2 and 3). properties and Figure 11 shows a relief map in meters of the Boone County site in the southeast one quarter of Section 16. One meter is equivalent to 3. 28 feet. Table 4 shows the statistics for selected soil properties measured in the 160-acre field. Figure 12 shows the soils identified at each of the grid points plotted on elevation contours. Figures 13 through 18 show drainage class, depth to carbonates, mollie epipedon thickness, organic matter content, clay percentage, and sand percentage, respectively, all plotted on elevation contours. Figure 19 shows estimated fiveyear corn yields on elevation contours. Figures 20 shows soil map units on pH contours. Figure 21 shows pH on pH contours. Note however, that we had only 70 pH measurements.
Figures 22 to 26 show various parameters plotted on estimated corn yield contours. Study of these figures should help understand the relationship among soil properties, how these properties vary across the landscape, and the effect of soil properties on productivity.
Soil Properties study 1.
Go to Figure 14 entitled "Depth To Carbonates". The "O" indicates that there is free calcium carbonate at the surface in these soils. These areas do not need lime. In fact, the problem is excess lime.
Outline "no lime" management areas. Are these same management areas identifiable on the 1:15840 soil map?
2.
Go to Figure 16 . Is there a relationship between organic matter content and the elevation contours? Explain. _______ .,---.,
Examine
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A-SOIL IS FULL OF WATER (MAXIMUM WATER HOLDING CAPACITY l PARTICLE

8-SOIL AT FIELD CAPACITY. (GRAVITY DRAINAGE HAS CEASED). " WATER FILMS SOIL PARTICLE TENSION
C. SOIL IS AT OR BELOW FIELD CAPACITY. (PLANT ROOTS ARE EXTRACTING WATER FROM FILM AROUND SOIL PARTICLES).
WATER SUCTION FORCES CAUSING FORCES HOLDING -----~WATER TO SOIL
. SOIL IS AT WILTING POINT . (ROOT HAS EXTRACTED ALL THE WATER IT CAN FROM THE SOIL I .
SOIL PARTICLE WATER FORCES HOLDING WATER IN SOIL-.
ROOT Very fine: 50 percent 01 more ver y fi ne sand.
Soil Variability
Variability in soils can be grouped into two broad categories, systematic and random. Systematic variability is a gradual or marked change in soil properties as a function of landform, geomorphic element, and soil-forming factors. Soil scientists have long emphasized systematic change. However, it may often become highly complex, imposs. ible to express, and changes in soil properties cannot be related to a known cause. These kinds of changes are termed random.
One of the objectives of soil mapping is to delineate soil bodies that contain less-variable soil conditions than the population of soil as a whole. Also, the use of soil maps depends in part upon the precision of statements that can be made about the map units. Thus, for both of these parameters, the causes and magnitude of soil variability is useful information . The data in Table 2 indicates accuracy of mapping soil series, soil slope, and soil erosion for selected Iowa soils. Other data reported by Wilding et al. (1965) indicates that in a study area in Ohio the series was mapped accurately 42% of the time and erosion class 94% of the time. Drees and Wilding (1973) suggest the following generalized sequence of spatial variability for physical, chemical, and elemental properties:
Loess < glacial till· < glacial. ou.twash = glacial lacustrine -alluvium Elemental K = Ti < Zr < Fe < Ca
No consistent trend among A~ B, and C horizons
The magnitude of spatial variability in a soil body does not change, but our perception of the variability depends on the choice of sampling sites and the analys1s of these sites.
wilding and Drees (1983) summarize the above observation with the folLowing stac:.ement :
Soil variability is thus a consequence of real space changes withln the landscape body, choice of a sampling site or ?edon to port.ray those changes, and systematic or random field sampling and laboratory errors of determination. The magnitude of ~hese sources of variaoillty :rom greatest to least is propftjfd as fol l ows:
Landscape body >» Choice of pedon » Pedon sampling Laboratorv 
SOIL EROSION AND SOIL PROPERTJI::.S
Accuracy of ltiJflping soil series, so il slope, and soil erosion classes in Iowa ( Did er i'<sen , 1966 The effect of accelerated erosion on Mollisols is a major problem in soil classification . The criteria for classificaiton at the highest category, the order level, is linked directly to surface-soil thickness (mollie epipedon). Smith ( 1978, p. 13) stated:
In general, we tried throughout taxonomy to use the characteristics of the subsurface horizon rather than the surface horizon because we wanted to keep the eroded and uneroded soils in the same series, as has been our practice in mapping. The use of the mollie epipedon as a diagnostic horizon violated the general principles that we started with, but we could find no escape from it.
In soils with sola thicker than 75 em, the minimum thickness of the mollie c:pipedon for the soil to be classified as a Mollisol is 25 em. Failure to meet the thick ness criterion for a mollie epipedon results in a classification of 1'-lollic Hapludalf, if the soils are well drained and have an argillic horizon. Without an argillic horizon but with a cambic horizon, the soils would be dassified as lnceptisols. Because of the emphasis given to the mollie 
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